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ABSTRACT 
Four types of hydrosol  f i l t e r s ,  two reusable  (diatomaceous c y l i n d e r  and 
f r i t t e d  g l a s s  funnel)  and two d isposable  (asbes tos  pad and membrane f i l t e r ) ,  
were challenged wi th  a heavy S e r r a t i a  marcescens suspension t o  a s s e s s  t h e i r  
a b i l i t y  to  produce s t e r i l e  f i l t r a t e s .  Two of the f o u r  diatomaceous e a r t h  
f i l t e r s ,  the four  f r i t t e d  g l a s s  funnels ,  and a l l  the a sbes tos  pads t e s t e d  
gene ra l ly  gave s t e r i l e  f i l t r a t e s .  However, only one type of f i l t e r ,  one 
of the  membranes i n  i t s  manufac turer ' s  own holder ,  c o n s i s t e n t l y  gave s t e r i l e  
f i l t r a t e s .  The two o the r  types of membranes u s u a l l y  gave s t e r i l e  f i l t r a t e s  
i f  t e s t e d  i n  one manufac turer ' s  holder  bu t  a l l  types  i n v a r i a b l y  gave 
contaminated f i l t r a t e s  when t e s t e d  i n  another  manufac turer ' s  ho lder .  Contam- 
i n a t e d  f i l t r a t e s  were gene ra l ly  a t t r i b u t e d  t o  a poor reusable  f i l t e r  o r  t o  
a f a u l t y  holder  used wi th  a d i sposable  f i l t e r .  I f  a h igh  degree of c e r t a i n t y  
i s  requi red  f o r  s t e r i l e  h e a t - l a b i l e  f i l t r a t e ,  i t  i s  suggested t h a t  the l i q u i d  




This  s tudy was performed under an interagency agreement wi th  the Nat iona l  
Aeronaut ics  and Space Adminis t ra t ion t o  determine i f  f i l t r a t i o n  of l i q u i d  
suspensions i s  a s u f f i c i e n t l y  dependable s t e r i l i z a t i o n  technique t o  meet 
the  r e s t r i c t i o n s  of cu r ren t  i n t e r n a t i o n a l  agreements. These agreements, 
promulgated under the auspices  of the I n t e r n a t i o n a l  Committee on Space 
Research, se t  acceptab le  s t e r i l i z a t i o n  s tandards  f o r  spacec ra f t  t h a t  might 
i n t e r c e p t  Mars o r  o t h e r  p lane ts .  The s tandards  recognize t h a t  s t e r i l i z a t i o n  
i s  an abso lu te  term and t h a t  one can never be c e r t a i n  of i t s  accomplishment. 
The goa l s  a r e  the re fo re  expressed i n  terms of p r o b a b i l i t i e s .  The cu r ren t  
agreement' r equ i r e s  t h a t  no spacec ra f t  be launched un le s s  the na t ion  
respons ib le  can guarantee t h a t  the p r o b a b i l i t y  of i t s  p lac ing  a v i a b l e  
microorganism on the su r face  of Mars i s  l e s s  than  1 x 
It i s  c u r r e n t l y  planned t o  use dry hea t  t o  s t e r i l i z e  the  assembled 
spacec ra f t .  However, c e r t a i n  exobio logica l  experiments now i n  the planning 
s t a g e  w i l l  u t i l i z e  h e a t - l a b i l e  b i o l o g i c a l  f l u i d s  t h a t  w i l l  r equ i r e  
s t e r i l i z a t i o n  by some o the r  manner before  they a r e  added t o  the  spacec ra f t  
t h a t  has  been hea t - t r ea t ed .  The most common l abora to ry  method f o r  
s t e r i l i z i n g  such l i q u i d s  i s  f i l t r a t i o n .  The ques t ion  then  a r i s e s  whether 
t h i s  technique would r equ i r e  a p roh ib i t i ve  amount of p r e t e s t i n g  t o  demon- 
s t r a t e  t h a t  the p r o b a b i l i t y  of s t e r i l i t y  of the b i o l o g i c a l  f l u i d  f i n a l l y  
used i n  the  experiment meets the  prescr ibed  s tandards .  It i s  assumed t h a t  
an i n v e s t i g a t o r  would c a r e f u l l y  s e l e c t  the  type of equipment b e s t  adapted 
t o  the  b i o l o g i c a l  f l u i d  needed f o r  h i s  experiment and t h a t  the  se tup  would 
be p r e t e s t e d  t o  permit c a l c u l a t i n g  the p r o b a b i l i t y  of s t e r i l i t y  of the f i n a l  
product .  This  paper a t tempts  t o  show how such a de te rmina t ion  could be made 
a f t e r  on ly  a l imi t ed  amount of p r e t e s t i n g .  
Four of the  most common types of equipment used f o r  f i l t r a t i o n  s t e r i -  
l i z a t i o n  were given a predetermined number of tes ts ,  and the  da t a  were then 
examined f o r  s t a t i s t i c a l  r e l i a b i l i t y .  It should be emphasized t h a t  the aim 
or" the  experiment was noi t o  deteriiiiiie the r z ? i a b i ? i t y  ef any psrt icular  
manufac turer ' s  product.  It  was merely t o  show, hopefu l ly ,  t h a t  w i th  
c a r e f u l  s e l e c t i o n  of equipment and a l imi t ed  amount of p r e t e s t i n g  f i l t r a t i o n  
could be u t i l i z e d  a s  a s t e r i l i z a t i o n  technique when, because a f  the  
s e n s i t i v i t y  of the product,  t h i s  was the  p re fe r r ed  method. 
Su rp r i s ing ly ,  t h e r e  i s  l i t t l e  i n  the  l i t e r a t u r e  about the p r o b a b i l i t y  
t h a t  t hese  f i l t e r s  w i l l  g ive  a b a c t e r i a - f r e e  f i l t r a t e .  Indeed, much of 
t h e  publ ished work i s  concerned wi th  d i f f e r e n t i a l  f i l t r a t i o n  t o  sepa ra t e  
b a c t e r i a  from v i r u s e s  o r  b a ~ t e r i o p h a g e . ~ - ~  For a d i scuss ion  of var ious  
p recau t ions ,  the e f f e c t  of su.ch f a c t o r s  a s  the type and pH of the f l u i d  
and the  po ros i ty  and e l e c t r i c a l  charge o r  adsorp t ion  of the f i l t e r s ,  see 
Sykes5 o r  Morton. The l i t e r a t u r e  g ives  the gene ra l  impression t h a t  




The types of hydrosol f i l t e r s  used i n  these  t e s t s  were t h e  diatomaceous 
cy l inde r ,  f r i t t e d  g l a s s  funnel ,  a sbes tos  pad, and the  membrane f i l t e r .  For 
each t e s t ,  two 25-1111 samples of a heavy b a c t e r i a l  suspension were passed 
through the f i l t e r s .  One whole f i l t r a t e  was t e s t e d  f o r  the  presence of 
microorganisms by adding i t  t o  b ro th  t o  g ive  a q u a l i t a t i v e  p lus  o r  minus 
r e s u l t .  The second f i l t r a t e  was t e s t e d  by p l a t i n g  the  e n t i r e  25 m l  i n  a 
l a rge  p e t r i  d i s h  w i t h  n u t r i e n t  agar  f o r  a q u a n t i t a t i v e  colony count.  
heavy b a c t e r i a l  suspension was used t o  cha l lenge  each f i l t e r  i n  order  t o  
ob ta in  s i g n i f i c a n t  pene t r a t ion  da ta .  
A 
11. MATERIALS AND METHODS 
A .  HYDROSOL FILTRATION UNITS 
For t h i s  comparative s tudy  a l l  equipment and supp l i e s  were new and were 
used a s  they came from the  manufacturers.  Two of the  hydrosol  f i l t e r s ,  the 
diatomaceous c y l i n d e r  and the  f r i t t e d  g l a s s  funnel ,  a r e  designed f o r  reuse ,  
bu t  before  each t e s t  they must  be cleaned and s t e r i l i z e d .  The o the r  two, 
a sbes tos  pads and membrane f i l t e r s ,  a r e  d iscarded  a f t e r  one use,  b u t  t he  
holders  a r e  reusable .  The manufacturers '  b r i e f  d e s c r i p t i o n s  of the  f i l t r a t i o n  
u n i t s  shown from l e f t  t o  r i g h t  i n  Figure 1 a r e  g iven  below: 
1) Diatomaceous cy l inde r  (diameter  5 / 8  inches and l eng th  2% inches)  w i t h  
a normal o r  medium poros i ty  connected t o  a matching g l a s s  mantle by washers 
and a lock nut .  
2) BGchner g l a s s  funnel  w i t h  a f r i t t e d  d i s c  (60-ml capac i ty )  of u l t r a f i n e  
po ros i ty  (about 1 . 2  p). 
3) Asbestos f i l t e r  (35-mm diameter)  w i t h  a very  f i n e  p o r o s i t y  f i t t e d  i n  
a g r a v i t y  o r  vacuum s i l v e r - p l a t e d  bronze ho lde r  w i t h  a c e n t e r  nu t  (30-ml 
capac i ty ) .  
4 )  Membrane f i l t e r  (47-mm diameter)  w i t h  a p o r o s i t y  of about 0 .2  p 
(obtained from three  manufacturers) used i n  each of two g l a s s  ho lde r s  (300-ml 
capac i ty ) .  
Manufacturer A holder:  a g l a s s  funne l  and a base w i t h  a coarse  
f r i t t e d  g l a s s  support  held toge the r  w i th  an  anodized aluminum sp r ing -ac t ion  
clamp. 
Mankfazturer Ec holder :  a g l a s s  funne l  and a base  wi th  a s t a i n l e s s  
s t e e l  res is tance-welded screen  support  h e l d  toge the r  w i t h  t h r e e  s t a i n l e s s  
s t ee  1 c l i p s  a t tached  t o  the base . 
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The manufacturers '  desc r ip t ions  6% some f i l t e r s  omit spec i f ic  pore 
s i ze .  Because of i r r e g u l a r i t i e s  i n  pore s t r u c t u r e ,  i t  i s  impossible t o  
determine t rue  pore s i z e .  
Each f i l t r a t i o n  u n i t  was a t tached  by a rubber s topper  t o  the  b a r r e l  of 
a 20-1111 syr inge  fas tened  t o  a 20-gauge needle  (Fig. 2).  The e n t i r e  assembly 
was wrapped i n  paper, s t e r i l i z e d  by exposure t o  e thylene  oxide gas  f o r  
24 hours,  and allowed to  s tand  f o r  a minimum of 2 days before  use ( t o  lo se  
any absorbed e thylene  oxide).  I n  t h i s  way the re  was no requirement f o r  
assembling sepa ra t e  s t e r i l e  i tems j u s t  before  f i l t r a t i o n ,  thus avoiding 
chances of i nadve r t en t  contamination. I 
B. TEST DESIGN 
Table 1 l i s t s  the  number and types of f i l t e r s  t e s t e d ,  the t o t a l  number 
of times each was used, the number of ho lders  t e s t ed ,  and the number of 
t imes each holder  was used. Each run cons i s t ed  of t e s t i n g ,  i n  a random 
order ,  1 2  f i l t r a t i o n  u n i t s ;  t h i s  included two diatomaceous cy l inde r s ,  two 
f r i t t e d  g l a s s  funnels ,  two a sbes tos  pads, and two each of membranes A, 
B, and C. Thus, 24 runs were required f o r  the t o t a l  288 tests conducted. 
For each of these  runs a new b a c t e r i a l  suspension was employed. 
C. TEST PROCEDURE 
The b a c t e r i a l  suspension used f o r  each run was prepared by adding 
S e r r a t i a  marcescens ce l l s  washed from a 24-hour agar  c u l t u r e  s l a n t  t o  about 
750 m l  of t ap  water  prev ious ly  boi led  t o  remove the ch lo r ine .  The v i a b l e  
count d id  no t  change apprec iab ly  when the t e s t  organism was suspended i n  
b o i l e d  t a p  water  f o r  the 3-hour t es t  per iod,  bu t  t he re  was a 5-log decrease 
i n  count  i n  d i s t i l l e d  water .  Each f i l t r a t i o n  u n i t  was mounted i n  an 
u p r i g h t  p o s i t i o n  (Fig.  2). Two 25-1111 samples of b a c t e r i a l  suspension, 
each conta in ing  about 10 m i l l i o n  cel ls ,  were f i l t e r e d  i n t o  sepa ra t e  s t e r i l e  
rubber-s toppered b o t t l e s  by reducing the  pressure  t o  approximateiy i0 c m  
mercury through a 20-gauge needle  in se r t ed  i n t o  each b o t t l e  before  i t  
was s t e r i l i z e d .  One b o t t l e  containing 25 m l  of double-s t rength  t r y p t i c a s e  
soy b r o t h  without  dext rose  was used t o  tes t  the  f i l t r a t e  q u a l i t a t i v e l y  
f o r  b a c t e r i a l  growth. The o the r  b o t t l e  was empty and was used t o  c o l l e c t  
25 m l  of f i l t r a t e  f o r  q u a n t i t a t i v e  v i ab le  count.  A random orde r  was used 
t o  determine which sample would be cu l tu red  i n  b r o t h  and which would be 
assayed i n  agar .  
6 
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F i g u r e  1. F i l t r a t i o n  U n i t s  T e s t e d .  See  t e x t  f o r  
d e s c r i p t i o n s .  
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For the  q u a n t i t a t i v e  assay,  the  e n t i f e  25 ml of f i l t r a t e  was removed 
from the b o t t l e  w i th  a needle  and syr inge  and placed i n  a l a rge  p e t r i  d i sh .  
A pour p l a t e  was prepared w i t h  t r y p t i c a s e  soy agar .  A l l  p l a t e s  were 
incubated a t  32 C f o r  2 4  to 7 2  hours before  count ing co lon ie s .  The number 
of co lon ie s  per  p l a t e  and the  degree of coalescence determined the incubat ion  
per iod.  The f i l t r a t e  i n  the b ro th  was incubated a t  32 C f o r  7 days before  
checking f o r  b a c t e r i a l  growth. Control  counts  were a l s o  done on each 
b a c t e r i a l  suspension both before  the f i l t r a t i o n s  began and aga in  a f t e r  t h e i r  
comp l e  t ion.  
111. RESULTS AND DISCUSSION 
The resu l t s  of t h i s  s tudy a r e  shown i n  Tables 2 through 7 .  Raw da ta  a r e  
presented r a t h e r  than means so t h a t  the p e c u l i a r i t i e s  t h a t  occurred can be 
c l e a r l y  shown. It i s  r e a d i l y  apparent  t h a t  a l l  fou r  types of hydrosol  f i l t e r s  
could and did produce s t e r i l e  f i l t r a t e s .  However, contaminated f i l t r a t e s  
were a l s o  obtained wi th  each type of f i l t e r  u n i t  w i th  the  except ion of 
membrane A used i n  the four  holders  from Manufacturer A (Table 5) .  
The e f f i c i e n c y  of the four  diatomaceous c y l i n d e r s t e s t e d  v a r i e d  g r e a t l y  
(Table 2) .  Most of the  f i l t r a t e s  were contaminated when f i l t e r  1 o r  4 was 
used, but  wi th  f i l t e r s  2 o r  3 ,  s t e r i l e  f i l t r a t e s  were obta ined  i n  a l l  bu t  
two ins t ances .  Here i s  c l e a r  evidence t h a t  i t  can no t  be assumed t h a t  
equipment a s  received w i l l  perform s a t i s f a c t o r i l y .  
The r e s u l t s  wi th  f r i t t e d  g l a s s  (Table 3)  and the  a sbes tos  pads (Table 4 )  
were gene ra l ly  exce l l en t .  B a c t e r i a l  growth occurred only seven t imes.  Four 
t imes,  however, the organism was no t  2. marcescens. Th i s  occurred twice 
i n  the f i r s t  four  f i l t r a t i o n s  wi th  a sbes tos  pad holder  1. Because of the  
excep t iona l ly  long f i l t r a t i o n  time, t h i s  ho lde r  was examined and found t o  
have a minute hole  t h a t  allowed a i r  t o  e n t e r  behind the a sbes tos  pad i t s e l f .  
The f i l t r a t e  thus could become recontaminated w i t h  an a i rbo rne  organism 
o r  organisms a f t e r  f i l t r a t i o n .  No such contaminat ion occurred a f t e r  the hole  
was repa i red  between the fou r th  and f i f t h  f i l t r a t i o n .  N o  obvious f law 
was ev ident  wi th  the two f r i t t e d  g l a s s  f u n n e l s  where t h i s  same phenomenon 
occurred,  nor on the one occasion when t h i s  showed up w i t h  one of the  membrane 
f i l t e r  combinations (Table 6). Extreme c a r e  was taken when designing and 
conducting these t e s t s  t o  use a s e p t i c  techniques  so t h a t  ou t s ide  contaminat ion 
would not  occur.  Even so, i n  these  few i n s t a n c e s  an unexplained contaminant 
appeared. It i s  suspected t h a t  t hese  contaminat ions,  too,  occurred a f t e r  
f i l t r a t i o n ,  poss ib ly  because of f a u l t y  equipment, an a i r  l eak  i n  the system, 
o r  even a break i n  the a s e p t i c  technique. 
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With the membrane f i l t e r ,  the  holder  appeared t o  be a t  l e a s t  a s  c r i t i c a l  
a s  the f i l t e r s  (Tables 5, 6 and 7) .  A l l  t h r ee  types of membrane f i l t e r s  
performed w e l l  i n  the  four  holders  obtained from Manufacturer A; a l l  t h r e e  
performed poorly a t  f i r s t  i n  the four  holders  from Manufacturer B, bu t  the 
performance improved when th ree  binder  c l i p s  were used i n  a d d i t i o n  t o  the  
c l i p s  a t tached  t o  the  base of the holder .  
appeared t o  be b e t t e r  than membrane B, which i n  t u r n  was b e t t e r  than membrane 
C .  The same d i s t i n c t i o n  among membranes from d i f f e r e n t  manufacturers i s  
harder  t o  make i n  the  b e t t e r  ho lders .  Manufacturer B ' s  membranes i n  
Manufacturer A ' s  holders  performed almost a s  w e l l  a s  Manufacturer A ' s  
membranes i n  Manufacturer A ' s  holders ,  and were l e s s  e f f i c i e n t  only i n  t h e i r  
own holders .  
I n  the  l a t t e r  ho lder ,  membrane A 
Most of the time the r e s u l t s  ob ta ined  f o r  each two 25-ml samples of 
f i l t r a t e  were comparable whether assayed by pour p l a t e  method o r  c u l t u r e d  
i n  bro th .  They were both nega t ive  i n  197 t e s t s ,  both p o s i t i v e  i n  69. This  
i s  t o  be expected because a whole 25-1111 sample was used f o r  the pour p l a t e  
a s  w e l l  a s  f o r  the b ro th  c u l t u r e ,  and the s e n s i t i v i t y  of the two methods 
should be comparable. I n  the s i x  in s t ances  i n  which the re  were contaminated 
b ro th  samples but  s t e r i l e  pour p l a t e s ,  growth i n  the  b r o t h  presumably was 
caused by the presence of only a few microorganisms, none of which showed 
up by chance alone i n  the pour p l a t e .  This  exp lana t ion  i s  a l s o  v a l i d  f o r  
the times when only a few S. marcescens co lon ie s  were de tec t ed  i n  the  pour 
p l a t e  and the comparable b ro th  sample was s t e r i l e .  The f i v e  t imes t h a t  s t e r i l e  
b ro th  samples were obtained but  s i g n i f i c a n t  counts  of 1 7 ,  90, o r  more than 
10,000 2. marcescens co lon ie s  appeared on the pour p l a t e  a r e  much more 
d i f f i c u l t  t o  expla in .  I n  each of these  f i v e  puzzl ing in s t ances ,  however, the 
second f i l t r a t e ,  by chance, was the one used f o r  the aga r  p l a t e s .  The chance 
of microorganisms slowly working t h e i r  way through a f i l t e r ,  a s  more and more 
contaminated f l u i d  i s  f i l t e r e d ,  was mentioned b r i e f l y  by both Morton' and 
Sykes' and may be the answer here .  
more than w i l l  be used i n  a spacec ra f t  experiment.  
I n  r e a l i t y ,  50 m l  i s  probably cons iderably  
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Another gene ra l  observa t ion  is t h a t  contamination, when i t  occurred, was 
g e n e r a l l y  low except  i n  a few ins t ances  where more than 10,000 co lon ie s  were 1 
found; most of these  were wi th  membrane C used i n  Manufacturer B ' s  holder  
(Table 7). Although the  numbers may appear high,  the cha l lenge  was 
approximately 1 x lo7 organisms. The measurable leakages were a l l  under 
0.01% and most were f a r  lower. The da ta  a l s o  ind ica t ed  t h a t  s t e r i l e  f i l t r a t e s  - 
could c o n s i s t e n t l y  be obtained wi th  a l l  four  types of f i l t e r s  i n  c e r t a i n  
in s t ances .  I t  should be remembered t h a t  i n  these  t e s t s  the f i l t e r s  were 
chal lenged wi th  very l a rge  numbers of microorganisms; the  f l u i d s  a c t u a l l y  
used i n  space t e s t s  w i l l  probably con ta in  only a few i f  any microorganisms 
before  f i l t r a t i o n .  
There i s  no c l e a r - c u t  evidence from the  da ta  t h a t  any one of t hese  
f i l t r a t i o n  techniques i s  much more e f f i c i e n t  than the  o the r s .  Each system 
gave some s t e r i l e  f i l t r a t e s  and, w i th  each, t he re  was f a i l u r e  t o  s t e r i l i z e .  
Thus, when choosing the f i l t e r ,  holder ,  and a u x i l i a r y  apparatus ,  one can take 
i n t o  cons ide ra t ion  o the r  f a c t o r s  such a s  the  r a t e  of f i l t r a t i o n  and the 
c h a r a c t e r i s t i c s  of the  b i o l o g i c a l  f l u i d  t o  be f i l t e r e d .  Some types of 
f i l t e r s  shown t o  be s a t i s f a c t o r y  f o r  an aqueous b a c t e r i a l  suspension may be 
r e j e c t e d  because of t echn ica l  d i f f i c u l t i e s  occur r ing  when a s p e c i f i c  b i o l o g i c a l  
f l u i d  i s  f i l t e r e d .  
Af te r  s e l e c t i n g  a technique, the s p e c i f i c  i tems of equipment must be 
p r e t e s t e d  under cond i t ions  more s t r i n g e n t  than those t h a t  w i l l  occur i n  the 
a c t u a l  experiment i n  order  t o  g ive  assurance t h a t  the  system i s  s a t i s f a c t o r y .  
The da ta  accumulated on p r e t e s t e d  appara tus  w i l l  then provide the b a s i s  
of determining whether t h e  b i o l o g i c a l  f l u i d  f i l t e r e d  f o r  any c r i t i c a l  
experiment would meet the e s t a b l i s h e d  s t a t i s t i c a l  requirements  f o r  s t e r i l i t y .  
A s  a n  example, the raw da ta  given here  were examined t o  determine what 
express ion  of confidence could be g iven  f o r  a f i n a l  s t e r i l e  f i l t r a t e .  The 
a n a l y s i s  shows t h a t  the problem requ i r e s  two s e p a r a t e  t reatments:  one f o r  
v a r i a t i o n  i n  the  same f i l t e r  used numerous t imes ( t h e  diatomaceous and f r i t t e d  
g l a s s  f i l t e r s ) ,  the o the r  f o r  the v a r i a t i o n  of t he  same f i l t e r  ho lde r  used 
numerous times bu t  each time wi th  a d i f f e r e n t  d i sposable  f i l t e r  bu t  one 
from the  same manufac turer ' s  l o t  ( t h e  a sbes tos  and membrane f i l t e r s ) .  I n  
the l a t t e r  ins tance  the ques t ion  of v a r i a t i o n  w i t h i n  l o t s  e n t e r s ,  which 
could r e s u l t  i n  a very l a rge  number of t r i a l s ;  however, exper ience  i n d i c a t e s  
t h a t  the p r o b a b i l i t y  of drawing a poor d isposable  f i l t e r  from a good l o t  
i s  small .  
For the b e t t e r  reusable  f i l t e r s ,  such a s  t h e  diatomaceous f i l t e r  2 o r  
f r i t t e d  g l a s s  funnels  2 and 3,  s t e r i l e  f i l t r a t e s  were obta ined  i n  a l l  1 2  t r i a l s  
w i t h  a t e s t  dose of 20,000,000 c e l l s  per  t r i a l  o r  240,000,000 i n  t o t o .  
Assuming a l a rge  s e r i e s  of t r i a l s  wi th  240,000,000 organisms each, w i t h  the 
l o g i c a l  suppos i t ion  of a Poisson d i s t r i b u t i o n  of organisms passing,  i t  may 
be shown t h a t  a mean (M) of t h r e e  w i l l  o c c a s i o n a l l y  y i e l d  a sample r e s u l t  
of zero.  
shown e i t h e r  by so lv ing  the Poisson expres s ion  e'm (1, M, ~2/2!,M3/3!,  e t c . )  
Means of four  o r  more w i l l  very  r a r e l y  g ive  ze ro .  This  may be 
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as descr ibed  by Fishet '  or  by using publiehsd t a b l e s .  
i n f e r r e d  t h a t  the  t r u e  mean passing f o r  240,000,000 c e l l s  was no t  over 
t h ree ;  t h i s  may be taken a s  a t e n t a t i v e  maximum. Some of the  o the r  good 
f i l t e r s  w i th  very small  numbers passing f a l l  c l o s e  t o  t h i s  es t imate .  With 
80 organisms i n  the  m a t e r i a l  t o  be f i l t e r e d  and a maximum of one chance 
i n  80,000,000 organisms passing,  t h i s  i n d i c a t e s  one chance i n  1,000,000 
assurance of s t e r i l i t y  can be given based only upon the  assumption t h a t  
microorganisms a r e  f i l t e r e d  out  i n  the same r a t i o  i n  low- a s  i n  h i g h - t i t e r  
between i t s  l a s t  t e s t  and the  time i t  was pu t  t o  a c t u a l  use. 
It may thus be 
- of any passing.  For t h e  s e l e c t e d  reusable  f i l t e r s ,  a reasonable  s t a t i s t i c a l  
, suspensions,  and t h a t  the f i l t e r  was not  mechanically o r  otherwise damaged 
The same type of c a l c u l a t i o n  app l i e s  f o r  the  p r e t e s t e d  holder  w i th  a 
d i sposable  f i l t e r  from a l o t  shown t o  con ta in  good f i l t e r s ,  bu t  an addi-  
t i o n a l  assumption must be made t h a t  the l o t  w i l l  not  con ta in  any d e f e c t i v e  
f i l t e r s .  Considerably more t e s t i n g  w i l l  be requi red  t o  provide assurance 
t h a t  a d i sposable  f i l t e r  s e l ec t ed  from a l o t  p rev ious ly  shown t o  be h ighly  
e f f i c i e n t  w i l l  i t s e l f  be a s  e f f i c i e n t  a s  the o the r s .  
Confidence can be increased  i f  two o r  more f i l t e r s  a r e  used i n  succession.  
I f ,  f o r  example, t he re  i s  one chance i n  1,000 of g e t t i n g  a de fec t ive  f i l t e r  
ou t  of any l o t ,  t h e r e  w i l l  be one chance i n  a m i l l i o n  of g e t t i n g  two 
d e f e c t i v e  ones i n  succession,  and one chance i n  a b i l l i o n  of t h r e e  d e f e c t i v e  
ones i n  succession.  
Because double f i l t r a t i o n  presents  no g r e a t  experimental  problem, i t  
can  be recommended t h a t  f o r  c r i t i c a l  exob io log ica l  experiments,  where i t  
i s  h igh ly  important t h a t  the l i q u i d  b i o l o g i c a l  d e t e c t i o n  medium be s t e r i l e ,  
a t e s t e d  and proved system be prese lec ted  u t i l i z i n g  two o r  more f i l t r a t i o n s .  
I n  such an experimental  s e t u p ,  a s u f f i c i e n t l y  h igh  p r o b a b i l i t y  of s t e r i l i t y  
should be apparent  t o  meet the r e s t r a i n t s  of t h i s  i n t e r n a t i o n a l  agreement, 
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